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RÉSUMÉ 
Dans les villes européennes, il est encore exceptionnel de se baigner dans les eaux de surface 
urbaines. Il existe cependant de nombreuses initiatives qui s’efforcent d’obtenir une qualité des eaux de 
surface urbaines qui soit suffisante pour permettre des activités récréatives, y compris la baignade. Afin 
de gérer correctement les eaux de baignade, la directive sur les eaux de baignade de l’UE (2006/7/EC) 
exige l’élaboration de profils des eaux de baignade dans lesquels les sources de pollution doivent être 
évaluées. Afin d’étudier l’importance des eaux pluviales en tant que source de contamination 
microbienne ainsi que l’influence des caractéristiques des bassins versants sur la contamination fécale, 
la teneur en E.Coli, en entérocoques intestinaux et le comptage des colonies ont été mesurés dans des 
prélèvements liés à des évènements sur les eaux pluviales dans trois zones différentes de bassins 
versants de la ville de Berlin. Ces bassins versants ont été choisis pour être aussi homogènes que 
possible, et représentent les bassins versants d’anciens bâtiments d’habitation (OLD), de nouveaux 
bâtiments d’habitation (NEW), et de zones commerciales (COM). La N-Formylaminoantipyrine (FAA) a 
été mesurée en tant que traceur pour les eaux usées brutes. Les résultats ont montré des 
concentrations élevées (1-2 unités log) d’organismes fécaux à valeur d’indicateur (FIO) dans le bassin 
versant OLD (104-105 contre 103 cfu/100mL) suggérant des raccordements illicites d’évacuations des 
eaux usées vers les collecteurs d’eaux pluviales, conclusion étayée par les concentrations importantes 
de FAA dans le même type de bassin versant. Ceci souligne l’importance de ces raccordements illicites 
en tant que source de contamination microbienne, ce qui doit être pris en considération pour la 
planification des activités entourant les eaux de baignade urbaine. 
ABSTRACT 
Swimming in urban surface waters is still an exception in European cities. At the same time there are 
numerous initiatives trying to achieve a quality of urban surface waters that allows recreational 
activities including swimming. In order to manage bathing waters properly the EU Bathing Water 
Directive (2006/7/EC) demands the elaboration of bathing water profiles in which sources of pollution 
have to be assessed. In order to investigate the relevance of stormwater as a source of microbial 
contamination as well as the influence of catchment characteristics on the faecal loading, E.Coli, 
intestinal Enterococci and colony counts have been measured in event related stormwater samples of 
three different catchment areas in Berlin. The catchment areas were chosen to be as homogeneous 
as possible representing catchments of old housing buildings (OLD), new housing buildings (NEW), 
and commercial areas (COM). N-Formylaminoantipyrine (FAA) was measured as a tracer for raw 
wastewater. Results showed elevated concentrations (1-2 log units) of faecal indicator organisms 
(FIO) in catchment OLD (104-105 in comparison to 103 cfu/100mL) suggesting illicit connections of 
wastewater discharges to rainwater drains, which is supported by elevated concentrations of FAA in 
the same catchment type. This underlines the relevance of these illicit connections as a source of 
hygienic contamination, which has to be considered when planning urban bathing water activities. 
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1 INTRODUCTION 
Due to improvements in wastewater treatment and management, water quality of urban surface waters 
improved dramatically during the last decades. One of the consequences of this improvement is an 
increasing public interest to use urban rivers for recreational activities again. However, the 
implementation of the European Bathing Water Directive (2006/7/EC) (EU 2006) at urban rivers 
constitutes a major challenge for local health authorities. Urban surface waters are subject to various 
sources of contamination and short-term pollution events, such as combined sewer overflows (CSO) 
and stormwater discharges. Methods for reliable predictions of the fate and dynamics of such events 
are still lacking. Thus, the number of official bathing waters (according to 2006/7/EC) at urban rivers is 
currently very low. In Germany for example, out of 2000 official bathing waters only 30 are located at 
rivers. Within the federally funded project FLUSSHYGIENE (“river hygiene”) the relevance of major 
urban discharges (stormwater discharges, CSOs, WWTPs) is investigated as sources of microbial 
contamination. In cities, in which stormwater drainage is dominated by separated sewer systems, 
stormwater runoff can be an important source of diffuse pollution affecting urban surface waters. In 
Berlin, each year 70% or 48 million m³ of stormwater are discharged mostly untreated into Berlin’s 
surface waters via the separated sewer system. While there has been research on the hygienic water 
quality of stormwater discharges (McBride et al. 2013), the relevance of the heterogeneity of 
catchment characteristics is less well documented. Moreover, there is still a lack of knowledge on the 
impact and quantification of illicit wastewater connections to rainwater drains in stormwater 
catchments. 
In order to characterize the impact of different types of catchments on the quality of stormwater 
discharges the stormwater of three different catchments was analysed for faecal indicator organisms 
(FIO). By simultaneous monitoring of FAA as a tracer for raw wastewater estimations on the share of 
raw wastewater were possible. This information has been collected in the frame of project OgRe in 
preparation of BMBF project FLUSSHYHIENE, which aims at predicting the fate of dynamics of 
microbial contaminations after short term pollution events. 
1.1 Local situation 
The city of Berlin (Germany) has both a separate and a combined sewer system. The two systems 
drain stormwater runoff from an impervious, connected area of ~170 km2 and sewage from ~3.5 
million inhabitants. Microbial contamination from stormwater can enter surface waters via three 
pathways (A in Figure 1): (i) treated in WWTP or untreated via (ii) storm sewers or (iii) combined sewer 
overflows (CSO). Raw sewage (B in Figure 1) is either treated in WWTPs or can enter surface waters 
untreated during CSO events. Moreover, illicit connections of wastewater sewers in rain sewers may 
lead to an unintentional emission of raw sewage into the receiving water body (Matzinger et al. 2015).  
 
Figure 1 : Average volumes and relative distribution among pathways to surface waters for the 
city of Berlin. (A) stormwater runoff from impervious areas and (B) dry-weather sewage. 
Numbers are based on calculations by SenStadtUm (2014) for stormwater runoff, on 
data/calculations by Berliner Wasserbetriebe (2015) for WWTP and CSO and on Weyrauch et al. 
(2010) for sewage content of CSO. Sep = Separate sewer system, Comb = Combined sewer 
system (Matzinger et al. 2015) 
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2 METHODS 
In FLUSSHYGIENE the major urban discharges of treated and untreated wastewater as well as 
stormwater are assessed for their relevance as sources of microbial contamination. By selecting large 
and thus representative stormwater catchments the measured concentrations will be used to set 
boundary conditions for models for predicting the relevance of single sources of contamination for 
bathing water quality in urban rivers. In order to quantify the impact of stormwater discharges of 
different catchments on the microbial water quality, existing monitoring installations, which were set up 
for event based monitoring of organic micropollutants were used to also have a first estimation of 
faecal indicator organisms (FIO) as well as total colony counts. Analysis took place at the laboratory of 
the Berlin Water Utilities (BWB). Additionally, different trace organic compounds were measured, 
among them suitable tracers of raw wastewater. 
2.1 Selection of catchments 
Three different catchment areas have been chosen, which in total represent ~60% of the connected 
impervious area of Berlin (Table 1, details in Wicke et al. 2014).  The catchment areas were chosen to 
be as homogeneous as possible representing catchments of old housing buildings (OLD), new 
housing buildings (NEW), and commercial areas (COM).  
Table 1: Connected, impervious area by catchment type (source: GIS data by SenStadtUm, 
2014) (Matzinger et al. 2015) 
 
Type of catchment Connected, impervious area [km²] 
Combined 
sewer 
system 
Separate sewer 
system 
Total 
OLD: area dominated by perimeter 
blocks built before 1930 25.2 16.2 41.4 
NEW: area dominated by-multi 
storey buildings, after 1950 4.1 22.9 27 
COM: Commercial areas 5.8 26.3 32.1 
OTH: Other 17.4 50.8 68.5 
Total 52.8 116.2 169 
2.2 Event based sampling and analysis 
A combination of automated sampling (HACH-Lange, Sigma SD 900) and flow measurements was 
used to generate one composite sample per event and catchment type. A detailed description of the 
sampling strategy can be found in (Wicke et al 2014). The composite sample was analyzed for a 
number of standard parameters and organic micropollutants, including the phenazone metabolite FAA, 
which was used as a tracer for raw wastewater. Other substances, which are often used as 
wastewater indicators in surface waters, like coffein or acesulfam, could not be used because they 
were measurable in all analyzed rainwater samples. Estimation revealed that a single cup of coffee or 
soft drink, which might have entered the runoff water, could have explained the measured 
concentrations. Thus, their function as tracer for wastewater in rainwater samples has to be 
questioned. FAA, which was used instead, is not an internationally recognized indicator for raw 
wastewater but due to local groundwater contaminations, traces of FAA can be found in Berlin’s 
drinking water and consequently in the raw wastewater again. Therefore, in the special case of Berlin 
FAA can be used as a tracer for raw wastewater. Further information on the measured parameters 
and micropollutants can be found in (Matzinger et al 2015). Presented measurements include 4 to 47 
samples of the catchment types NEW, OLD, and COM. Samples were taken in the period from 
December 2014 to June 2015.  
3 RESULTS AND DISCUSSION 
The results of the microbial analysis are shown in Figure 3. The total amount of culturable bacteria lies 
between 106-107/100mL for all investigated catchments. The measured concentrations of E.Coli and 
intestinal enterococci lie between 103 and 104 cfu/100mL for the catchments NEW and COM. In 
catchment OLD values between 104.5 – 105.5 cfu/100mL have been detected for FIOs. The measured 
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values of the catchments NEW and COM correspond well with microbial measurements published by 
others (Galfi 2014). A comparison to the water quality standards for “sufficient water quality” of the 
European Bathing Water Directive shows that the measured concentrations exceed the limit value of 
900 and 330 cfu/100mL for E.Coli and intestinal enterococci, respectively. Thus, discharges untreated 
and undiluted stormwater water at bathing sites might impair bathing water quality below acceptable 
levels. 
Comparing the measured values in the three investigated catchments, results show elevated 
concentrations of FIO in catchment OLD. The concentrations are 1 to 2 orders of magnitude higher 
than in catchments NEW and COM. For interpreting these results measurements were compared to 
FAA concentrations in the respective catchments. Concentrations of up to 0.4 µg/L of FAA were 
measured in catchment OLD, whereas concentrations in catchments NEW and COM where below the 
limit of quantification (Figure 3).  
 
Figure 3 : Mean concentrations and standard 
deviations of E.Coli, intestinal enterococci and 
total numbers of colonies for the different 
catchment areas OLD, NEW and COM  
The elevated concentrations (1-2 log units) of faecal indicator organisms (FIO) in catchment OLD 
combined with elevated concentrations of FAA indicate illicit connections of wastewater discharges to 
rainwater drains. For estimating of the share of raw wastewater in the rainwater, influent 
concentrations of one of the Berlin WWTP (Schönerlinde) were used to estimate a dilution factor. The 
comparison indicates a wastewater share of about 1.6% of the water volume (about 2 log units). This 
corresponds well with typically measured FIO concentrations in raw wastewater which lie between 
107-109/100mL. Applying a dilution factor of 100 (1.6%) to the measured FIO concentration in 
catchment OLD results in FIO concentrations in the undiluted wastewater slightly above 107 
MPN/100mL. This underlines the high relevance of these illicit connections as a source of hygienic 
contamination, which has to be considered when planning urban bathing water activities. The elevated 
concentrations of FIO in the catchments NEW in comparison to catchment COM might be explained 
by the probably higher number of animals, like dogs, which might be expected in housing areas 
compared to more commercially used catchments.  
4 CONCLUSION 
The results show that in any case microbial water quality of rainwater discharges is likely to impair 
bathing water quality of urban rivers. Measurements suggest that concentrations of FIO in stormwater 
can be expected in the range between 103-104 cfu/100mL in catchments without illicit wastewater 
connections. In order to reliably assess the relevance of rainwater discharges for a specific 
recreational water body both the characterization of catchments and the identification and 
management of failure connections plays a crucial role. Due to the high number of faecal bacteria in 
raw wastewater, already a small share of failure connections substantially impairs water quality of 
rainwater discharges. Thus, the higher the share of direct rainwater discharges into the river the more 
important in becomes to identify and quantify the number of illicit connections in vicinity to the foreseen 
Figure 2: Measured FAA concentrations 
in catchments OLD, NEW and COM. 
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rivers sections which shall be used for recreational uses. Especially for large catchments and cities 
there is definitely a need for the efficient detention and quantification of such failure connections.  
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